METHOD FOR FABRICATING METAL-OXIDE SEMICONDUCTOR TRANSISTOR 

Field of the Invention 

5 The present invention relates to a method for fabricating 

a metal-oxide semiconductor (MOS) transistor; and, more 
particularly, to a method for fabricating a MOS transistor 
having a gate electrode with a stack structure of a 
polysilicon layer, a tungsten nitride barrier layer and a 
10 tungsten layer. 

Description of Related Arts 

With reference to Figs. lA to IE, a conventional method 
15 for fabricating a transistor according to an extigate 
technology will be described in the following. 

Referring to Fig. lA, a gate oxide layer 2 is formed and 
grown in a substrate 1, and a polysilicon layer 3 for a gate 
electrode, an interfacial oxide layer 4 and a first nitride 
20 layer 5 are sequentially formed thereon. Hereinafter, the 
polysilicon layer 3 for the gate electrode is referred to as a 
gate polysilicon layer. A photosensitive pattern (not shown) 
for forming a predetermined device isolation layer 6 is formed 
on the first nitride layer 5. The first nitride layer 5, the 
25 interfacial oxide layer 4, the gate polysilicon layer 3 and 
the gate oxide layer 2 are sequentially etched with use of the 
photoresist pattern. A portion of the substrate 1 exposed by 
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the above etch process is etched to a predetermined depth to 
form a trench in a device isolation region. Thereafter, the 
photosensitive pattern is removed. 

Referring to Fig. IB, the device isolation oxide layer 6 
is deposited on an entire surface of the substrate 1 in such a 
manner to be filled into the trench, and then, a chemical 
mechanical polishing (CMP) process is performed until the 
first nitride layer 5 is exposed. Prior to depositing the 
device isolation oxide layer 6, a thermal oxide layer can be 
deposited on lateral sides and a bottom side of the etched 
portion of the substrate 1 and lateral sides of the exposed 
gate polysilicon layer 3. At this time, the thermal oxide 
layer has a thickness below about 10 nm. 

As shown in Fig. IC, the exposed first nitride layer 5 
is proceeded with a wet-type etch process. Then, a p-type 
impurity is selectively ion-implanted to a p-type well region 
by using a predetermined mask for forming a p-type well 7 
(hereinafter referred to as a p-type well mask) . In the mean 
time, an n-type impurity is selectively ion-implanted to an n- 
type well region by using a predetermined mask for forming an 
n-type well 8 (hereinafter referred to as an n-type well mask) . 
After these ion-implantations, a heat treatment is carried out 
to thereby form the p-type well 7 and the n-type well 8. 

Referring to Fig. ID, a wet-type etch process is 
subjected to the interfacial oxide layer 4 and an upper part 
of the device isolation layer 6. A tungsten nitride (WN) 
barrier layer 9 and a tungsten (W) layer 10 for forming a gate 
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electrode (hereinafter referred to as a gate tungsten layer) 
are sequentially deposited on the above entire structure, and 
a second nitride layer 11 is deposited thereon. 

With reference to Fig. IE, a predetermined 
5 photosensitive pattern (not shown) for forming a gate 
electrode is formed on the second nitride layer 11. Herein, 
the photosensitive pattern for forming the gate electrode is 
referred to as gate electrode photosensitive pattern. The 
second nitride layer 11, the gate W layer 10, the WN barrier 

10 layer 9 and the gate polysilicon layer 3 are sequentially 
etched with use of the gate electrode photosensitive pattern 
to thereby form the gate electrode. 

After the gate electrode is formed, the gate electrode 
photosensitive pattern is removed. A selective oxidation 

15 process is proceeded to form and grow a selective oxide layer 
12 on a lateral portion of the gate polysilicon layer 3 and an 
exposed portion of the gate oxide layer 2. Thereafter, a 
nitride layer is deposited on an entire surface of the 
resulting structure and then etched so that a gate lateral 

20 nitride layer 13 is formed. Subsequent processes after the 
above process are identical to those processes for fabricating 
a typical metal-oxide semiconductor field effect transistor 
(MOSFET) . 

Fig. 2 is a cross-sectional view of the Fig. 1 in a 
25 vertical direction. The gate electrode formed at the 
transistor region has a stack structure of the gate 
polysilicon layer 3, the WN barrier layer 9 and the gate W 
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layer 10. On the other hand, the gate electrode formed at the 
device isolation region has a structure including the WN 
barrier layer 9 and the gate electrode W layer 10. 

As mentioned above, the thermal oxide layer can be 
5 formed at the lateral sides and bottom side of the etched 
substrate structure, i.e., the gate oxide layer 2, and lateral 
sides of the exposed gate polysilicon layer 3 according to the 
conventional method for forming the gate electrode. However, 
it is noted that a bird' s beak effect occurs at an interface 

10 between the exposed gate polysilicon layer 3, the gate oxide 
layer 2 and the etched substrate. That is, the thickness of 
the thermal oxide layer becomes thicker around the exposed 
substrate 1. Also, a void generation can easily occur during 
the deposition of the device isolation layer because a depth 

15 from the lastly deposited nitride layer to the bottom side of 
the trench is too deep. In other words, the depth is the 
total thickness of the gate oxide layer 2, the gate 
polysilicon layer 3, the interfacial oxide layer 4, the first 
nitride layer 5 and the etched substrate. 

20 

Summary of the Invention 

It is, therefore, an object of the present invention to 
provide a method for fabricating a metal-oxide semiconductor 
25 (MOS) transistor capable of manipulating elaborately a well 
and a channel dopings, improving a short channel effect and 
enhancing device characteristics by decreasing a gate induced 
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drain leakage (GIDL) current. 

In accordance with an aspect of the present invention, 
there is provided a method for fabricating a metal-oxide 
semiconductor (MOS) transistor, including the steps of: (a) 
5 forming sequentially a first oxide layer and a first nitride 
layer on a substrate; (b) forming a device isolation layer 
filled in a first trench formed by selectively etching the 
first oxide layer, the first nitride layer and a first portion 
of the substrate; (c) forming a second trench defining a 

10 channel region therebeneath by selectively etching the first 
oxide layer, the first nitride layer and a second portion of 
the substrate; (d) forming a gate oxide layer on lateral sides 
and a bottom side of the second trench; and (e) forming a gate 
electrode on the gate oxide layer. 

15 In accordance with another aspect of the present 

invention, there is also provided a method for fabricating a 
metal-oxide semiconductor (MOS) transistor, including the 
steps of: forming sequentially a first oxide layer and a first 
nitride layer on a substrate; etching selectively the first 

20 nitride layer and the first oxide layer to expose a portion of 
the substrate; etching the exposed portion of the substrate 
with a predetermined thickness to form a first trench at a 
device isolation region; depositing a device isolation oxide 
layer on an entire surface of the substrate in such a manner 

25 that the device isolation layer is filled into the first 
trench; performing a chemical mechanical polishing (CMP) 
process until the first nitride layer is exposed; etching 
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selectively the first nitride layer except for the exposed 
portion of the first nitride layer and the first oxide layer 
with use of a mask pattern for forming a predetermined gate 
electrode; etching an exposed portion of the substrate with a 
5 predetermined thickness to form a second trench defining a 
channel region and clean the trench; forming a buffer oxide 
layer on the substrate; performing a channel ion-implantation 
technique to the second trench defining the channel region; 
removing the first nitride layer and the buffer oxide layer 

10 and growing a gate oxide layer on lateral sides and a bottom 
side of the exposed portion of the substrate; depositing a 
polysilicon layer for forming a gate electrode on an entire 
surface of the substrate; performing a CMP process to the 
polysilicon layer for forming the gate electrode until the 

15 device isolation oxide layer is exposed; depositing a tungsten 
nitride barrier layer, a tungsten layer for forming a gate 
electrode and a second nitride layer on an entire surface of 
the substrate; patterning the second nitride layer, the 
tungsten layer for forming the gate electrode and the tungsten 

20 nitride barrier layer into a predetermined gate electrode 
pattern; forming a lateral nitride layer at lateral sides of 
the patterned tungsten nitride barrier layer and the tungsten 
layer for forming the gate electrode; and performing a 
selective oxidation process to form and grow a selective oxide 

25 layer on the polysilicon layer for forming the gate electrode 
encompassed by the substrate and the lateral nitride layer in 
order to recover any damage generated by the etch process. 
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Brief Description of the Drawing (s) 

The above and other objects and features of the present 
invention will become apparent from the following description 
5 of the preferred embodiments given in conjunction with the 
accompanying drawings , in which : 

Figs. lA to IE are cross-sectional views showing a 
conventional method for fabricating a metal-oxide 
semiconductor (MOS) transistor; 
10 Fig. 2 is a cross-sectional view taking a line A-A' of 

the MOS transistor shown in Fig. IE; 

Figs. 3A to 3H are cross-sectional views showing a 
method for fabricating a MOS transistor in accordance with a 
first preferred embodiment of the present invention; 
15 Fig. 4 is a cross-sectional view taking the line A-A' of 

the MOS transistor shown in Fig. 3H; 

Fig. 5 is a cross-sectional view showing a method for 
fabricating a MOS transistor in accordance with a second 
preferred embodiment of the present invention; 
20 Fig. 6 is a cross-sectional view showing a method for 

fabricating a MOS transistor in accordance with a third 
embodiment of the present invention; and 

Fig. 7 is an enlarged cross-sectional view of a marked 
part 'B' shown in Fig. 3D. 

25 
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Detailed Description of the Invention 

Hereinafter, a method for fabricating a metal-oxide 
semiconductor (MOS) transistor will be described in more 
5 detail with reference to the drawings. 

Referring to Fig. 3A, a first oxide layer 22 is grown on 
a substrate 21, and a first nitride layer 23 is formed thereon. 
Afterwards, the first nitride layer 23 and the first oxide 
layer 22 are selectively etched with use of a predetermined 

10 mask (not shown) for forming a device isolation layer, and a 
portion of the substrate 21 exposed by the above selective 
etch process is etched to a predetermined depth to thereby 
form a first trench at a device isolation region. The first 
oxide layer 22 has a thickness ranging from about 5 nm to 

15 about 20 nm, and the first nitride layer 23 has a thickness 
ranging from about 50 nm to about 150 nm. It is preferable to 
form the first trench with a thickness ranging from about 150 
nm to about 4 00 nm. 

Referring to Fig. 3B, a device isolation oxide layer 24 

20 is formed on an entire surface of the substrate 21 in such a 
manner to be filled into the first trench. A chemical 
mechanical polishing (CMP) process is performed until the 
first nitride layer 23 is exposed. Herein, compared to the 
conventional method, the device isolation oxide layer 24 can 

25 be easily filled into the trench since a height of the trench 
is lower than that of the conventional trench. Prior to 
depositing the device isolation layer 24 into the trench, it 
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is possible to form and grow a sacrificial oxide layer or a 
thermal oxide layer at lateral sides and a bottom side of the 
first trench and to etch the grown sacrificial oxide layer or 
thermal oxide layer. 
5 A p-type impurity is selectively ion-implanted to a p- 

type well region with use of a predetermined mask for forming 
a p-type well 25. Then, an n-type impurity is selectively 
ion-implanted to an n-type well region with use of a 
predetermined mask for forming an n-type well 26. The ion- 
10 implantations for forming the p-type well 25 and the n-type 
well 26 are performed preferably with several separate 
applications of energy in a range from about 3 MeV to about 40 
KeV. 

Next, referring to Fig. 3C, a non-exposed portion of the 
15 first nitride layer 23 and the first oxide layer 22 are 
selectively etched with use of a predetermined mask pattern 
(not shown) for forming a gate electrode. At this time, the 
exposed portion of the first nitride layer 23 is excluded from 
this selective etching. Afterwards, a portion of the 
20 substrate 21 exposed by this selective etching is etched to a 
predetermined depth to thereby form a second trench in which a 
channel region will be formed. A cleaning process is then 
performed thereto. 

Referring to Fig. 3D, a buffer oxide layer (not shown) 
25 is formed and grown on the substrate 21. Preferably, the 
buffer oxide layer has a thickness ranging from about 5 to 
about 10 nm. A channel region 27 is formed beneath a bottom 
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side of the second trench by performing a channel ion- 
implantation technique with use of a channel mask of a MOS 
transistor. At this time, the channel ion-implantation is 
carried out with energy ranging from about 1 KeV to about 100 
5 KeV. Subsequent to the channel region 27 formation^ the first 
nitride layer 23 and the buffer oxide layer are removed, and a 
gate oxide layer 28 is grown thereafter. Also, the gate oxide 
layer 28 is preferably formed in a thickness ranging from 
about 3 nm to about 10 nm. 

10 Next, a polysilicon layer 29 for forming the gate 

electrode (hereinafter referred to as a gate polysilicon 
layer) is deposited to a thickness ranging from about 50 nm to 
about 400 nm. Since lateral sides of the etched portion of 
the substrate 21 for forming the gate electrode has a crystal 

15 direction of 110, the gate oxide layer 28 formed at these 
lateral sides is grown to a thickness greater than above about 
50 % of that of the gate oxide layer 28 formed at a bottom 
side of the etched portion of the substrate 21 having a 
crystal direction of 100. Also, despite that the gate oxide 

20 layer 28 is formed at the lateral sides and the bottom side of 
the etched portion of the substrate 21, a thickness of the 
gate oxide layer 28 is actually thinner at the channel region 
27. The reason for this result is because the gate oxide 
layer 28 and the first oxide layer 22 are formed on the 

25 substrate 21. Herein, together the gate oxide layer 28 and 
the first oxide layer 22 formed on the substrate 21 will be 
referred to as thick oxide layer. Also, this thinly formed 
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gate oxide layer 28 at the channel region becomes a factor for 
increasing a capability of driving currents. Furthermore, 
since the thick oxide layer 22 + 28 exists at a region 
overlapped with a source/drain region, an overlap capacitance 
5 between the gate electrode and the source/drain and a gate 
induced drain leakage (GIDL) current decrease. 

Referring to Fig. 3E, a CMP process is performed to the 
gate polysilicon layer 29 until a surface of the device 
isolation oxide layer 24 is exposed. At this time, the gate 

10 electrode silicon layer 29 has a thickness ranging from about 
30 to about 130 nm. 

As shown in Fig. 3F, a tungsten nitride (WN) barrier 
layer 30 and a tungsten (W) layer 31 for forming the gate 
electrode (hereinafter referred to as a gate W layer) are 

15 sequentially deposited on the above entire substrate 21. Then, 
a second nitride layer 32 is formed on the gate W layer 31. 
The WN barrier layer 30 has a thickness ranging from about 3 
to 10 nm. On the other hand, the gate W layer has a thickness 
ranging from about 50 to about 150 nm. It is also preferable 

20 to form the second nitride layer 32 with a thickness ranging 
from about 150 nm to about 400 nm. It is also possible to use 
such materials as TiN, WSiN, TiSiN or WSix instead of using 
the WN for the barrier layer. 

Referring to Fig. 3G, the second nitride layer 32, the 

25 gate W layer 31 and the WN barrier layer 30 are sequentially 
etched with use of a predetermined gate electrode mask pattern 
(not shown) . On an entire surface of the substrate 21, a 
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third nitride layer is deposited and etched to form a first 
lateral nitride layer 33 at lateral sides of the WN barrier 
layer 30 and the gate W layer 31. At this time, a thickness 
of the first lateral nitride layer 33 is thin preferably in a 
5 range from about 3 to about 40 nm. The exposed gate electrode 
polysilicon layer 29 is etched, and a selective oxidation 
process is subsequently performed to form and grow a selective 
oxidation layer 34 grown only at a substrate portion of the 
gate electrode region through exposed lateral sides of the 

10 gate polysilicon layer 29 and the thick oxide layer 22+28. 
Preferably, a thickness of the selective oxidation layer 34 
ranges from about 1.5 nm to about 10 nm. 

Referring to Fig. 3H, a forth nitride layer 35 for 
preventing losses of the selective oxidation layer 34 is 

15 formed on an entire surface of the resulting structure shown 
in Fig. 3G. At this time, the forth nitride layer 35 is 
formed to a thickness ranging from about 5 nm to about 40 nm. 
Afterwards, the identical processes for fabricating the 
typical MOSFET are carried out to complete the MOS transistor 

20 fabrication. 

Fig. 4 is a cross-sectional view taking the line A-A' of 
the MOS transistor shown in Fig. 3H. The gate electrode 
formed at the transistor region has a stack structure of the 
gate polysilicon layer 29, the WN barrier layer 30, and the W 

25 layer 31. On the other hand, the gate electrode formed at the 
device isolation region has the same stack structure excluding 
the gate polysilicon layer 29. 
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Fig. 5 is a cross-sectional view showing a method for 
fabricating a MOS transistor in accordance with a second 
preferred embodiment of the present invention. The same 
processes shown in Figs. 3A to 3G are employed. Afterwards, a 
forth nitride layer 35 for preventing losses of the selective 
oxide layer 34 is deposited in a thin thickness and is then 
etched to form a second lateral nitride layer 35A. Subsequent 
to the second gate nitride layer 35A formation, the same 
processes for fabricating the typical MOSFET transistor are 
performed. 

Fig. 6 is a cross-sectional view showing a method for 
fabricating a MOSFET transistor in accordance with a third 
preferred embodiment of the present invention. The same 
processes illustrated in Figs. 3A to 3F are employed. 
Afterwards, the second nitride layer 32, the gate W layer 31, 
the WN layer 30 and the gate polysilicon layer 29 are 
sequentially etched by using a predetermined gate electrode 
mask pattern (not shown) . A third nitride layer is deposited 
and etched to form a first lateral nitride layer 33 with a 
thin thickness at lateral sides of the WN barrier layer 30 and 
the gate W layer 31. Next, a selective oxidation process is 
performed to form a selective oxide layer 34 and make it grown 
through an exposed portion of the gate oxide layer 28 in order 
to recover damages generated during the above etch process. 
The same process described in Fig. 3H or Fig. 5 is employed. 
Afterwards, the typical MOSFET transistor fabrication 
processes are carrier out, thereby completing the MOS 
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transistor fabrication . 

Fig. 7 is an enlarged cross-sectional view of a remarked 
part ^A' in Fig. 3D. When the gate oxide layer 28 is grown, 
the first oxide layer 22 gets remained on a non-etched portion 
5 of the substrate 21. As a result, an actual thickness of the 
gate oxide layer 28 formed at the non-etched portion of the 
substrate 21 is the sum of the thickness of the gate oxide 
layer 28 and that of the remaining first oxide layer 22. 
Therefore, this oxide layer 22+28 at the non-etched portion of 

10 the substrate 21 is thicker than the gate oxide layer 28 
formed at the lateral sides and the bottom side of the trench. 
Hereinafter, this oxide layer 22+28 is referred to as a thick 
oxide layer. Also, since lateral sides of an etched portion 
of the substrate 21 have a crystal direction of 110, the 

15 thickness of the gate oxide layer 28 increases about 50 % 
higher than that of the gate oxide layer 28 formed at the 
bottom side of the substrate 21 having a crystal direction of 
100. The channel of the transistor is actually formed only at 
the bottom side of the etched portion of the substrate 21. At 

20 this bottom side, the thickness of the gate oxide layer 28 is 
the thinnest, and thereby increasing a capability of driving 
currents. Furthermore, the thick oxide layer 22+28 exists at 
the rest regions in which the gate electrode and the 
source/drain are overlapped, i.e., the regions excluding the 

25 channel region. Therefore, an overlap capacitance between the 
gate and the source/drain and a gate induced drain leakage 
(GIDL) current decrease. 
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In accordance with the present invention, it is possible 
to decrease a void, generated when a trench-type device 
isolation oxide layer is deposited through the use of a 
typical extigate technology, by which the gate polysilicon 
5 layer and the nitride layer are deposited without any 
intermediate oxide layer and are subjected to a trench process 
with a purpose of providing a shallow depth from the lastly 
deposited nitride layer to the bottom surface of the trench. 

Also, an ion-implantation for forming the n-type or p- 

10 type well is performed in the presence of the nitride layer, 
and a channel ion-implantation is performed after the trench 
defining the channel region 27 is formed by etching the 
substrate. These different approaches of the ion- 

implantations make it possible to manipulate elaborately the 

15 well and the channel dopings. Furthermore, a length of the 
channel can be increased under the same design rule by forming 
the trench through the etching of the substrate, and this fact 
results in an improvement on a short channel effect and a 
reinforcement of a step-coverage in the gate electrode having 

20 a structure of W/WN/polysilicon. 

In addition, the capability of driving currents can be 
also improved by forming the gate oxide layer with a thin 
thickness at the bottom side of the etched portion of the 
substrate beneath which the channel region is formed. An 

25 overlap capacitance between the gate electrode and the 
source/drain and the GIDL current can also be reduced by 
forming the thick oxide layer at the rest regions where the 
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gate electrode and the source/drain are overlapped. 

While the present invention has been described with 
respect to certain preferred embodiments, it will be apparent 
to those skilled in the art that various changes and 
5 modifications may be made without departing from the scope of 
the invention as defined in the following claims. 
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